Puzihella rosea gen. nov., sp. nov., a novel member of the family Microbacteriaceae isolated from freshwater were isolated from freshwater samples taken from a river and fish pond, respectively. Based on characterization using a polyphasic approach, the two strains showed highly similar phenotypic, physiological and genetic profiles. They demonstrated 99.9 % 16S rRNA gene sequence similarity and a 93-95 % DNA-DNA relatedness value, suggesting that they represent a single genomic species. Phylogenetic analyses, based on 16S rRNA gene sequences, showed that strains MI-28 T and SKY-11 form a distinct lineage with respect to closely related genera within the family Microbacteriaceae of the class Actinobacteria, which is most closely related to Rhodoluna and Pontimonas, and levels of 16S rRNA gene sequence similarity with the type species of related genera were less than 95 %. Cell-wall analysis showed that the peptidoglycan contained 2,4-diaminobutyric acid, alanine, glycine and glutamic acid. The predominant fatty acids were iso-C 14 : 0 , anteiso-C 15 : 0 and iso-C 16 : 0 . The polar lipid profile consisted of a mixture of phosphatidylglycerol, diphosphatidylglycerol, an uncharacterized glycolipid and an uncharacterized aminophospholipid. The major polyamine was putrescine. The major isoprenoid quinone was MK-10. The G+C content of DNA was between 62.6 and 62.9 mol%. On the basis of the genotypic and phenotypic data, strains MI-28 T and SKY-11 represent a novel genus and species of the family Microbacteriaceae, for which the name 
The family Microbacteriaceae was first proposed by Park et al. [1] , and emended by Stackebrandt et al. [2] . At the time of writing, a total of 43 genera have validly published names (http://www.bacterio.net/-classifgenerafamilies.html#Microbacteriaceae; http://ijs.sgm journals.org/), and were isolated from diverse environments, including plants, soil, dairy products, mushrooms, insects, freshwater, groundwater, seawater, sediment, sewage, air and ice samples. In this study, two novel freshwater members, strains T and SKY-11 of the family Microbacteriaceae are described.
Strain T was isolated from a freshwater sample from the River Puzih (GPS location: 23 47¢ 20 † N 120 22¢ 25 † E) in the vicinity of Chiayi County, southern Taiwan, on R2A agar (BD Difco) at 25 C. Strain SKY-11 was isolated from a freshwater sample taken from a fish pond located in the Jiali District (GPS location: 23 09¢ 18 † N 120 09¢ 57 † E), Tainan
County, southern Taiwan, on R2A agar at 25 C. The two isolates were routinely maintained on R2A agar at 25 C. Strains T and SKY-11 on R2A agar showed similar colony morphology and were pink. Subcultivation was performed on R2A agar at 25 C for 48-72 h. The isolates were preserved at À80 C in R2A broth with 20 % (v/v) glycerol, or by lyophilization.
Genomic DNA was isolated using a bacterial genomic kit (DP02-150, GeneMark Technology) and the 16S rRNA gene sequence was analyzed as described previously by Chen et al. [3] . Primers 27F (5¢-AGAGTTTGATCCTGGCTCAG-3¢) and 1541R (5¢-AAGGAGGTGATCCAGCC-3¢) were used for amplification of bacterial 16S rRNA genes by PCR. The PCR product was purified, and direct sequencing was performed by using sequencing primers 27F, 1541R, 520F and 800R [4, 5] were 1400 bp and 1411 bp for strains T and SKY-11, respectively, and these gene sequences were compared to those available from the EzTaxon-e [6] , the Ribosomal Database Project [7] and the GenBank database (http://blast.ncbi. nlm.nih.gov/Blast.cgi.). Analysis of the sequence data was performed by using the software packages BioEdit [8] and MEGA 7 [9] , after multiple alignments of the data by CLUSTAL X version 2.0 [10] . Distances (corrected according to Kimura's two-parameter model); [11] were calculated and clustering was performed with the neighbour-joining method [12] . The maximum-likelihood [13] and maximumparsimony [14] trees were generated by using the treeing algorithms contained in the PHYLIP software package [15] . In each case bootstrap values were calculated based on 1000 replications.
The 16S rRNA gene sequence similarity between strains MI-28 T and SKY-11 was 99.9 %. The phylogenetic analyses based on 16S rRNA gene sequences showed that strains MI-28 T and SKY-11 formed a distinct phylogenetic lineage in the neighbour-joining tree with respect to the closely related genera, Rhodoluna and Pontimonas in the family Microbacteriaiceae of the order Actinomycetales within the class Actinobacteria (Fig. 1) T (93.6 %).
The morphology of bacterial cells was observed by phasecontrast microscopy (DM 2000; Leica) and by transmission electron microscopy (H-7500; Hitachi) ( Fig. 2 ) using cells grown in R2A broth at 25 C for lag, exponential and stationary phases of growth. The Gram Stain Set S kit (BD Difco) and the Ryu non-staining KOH method [16] were used to perform the Gram reaction. Flagellar motility was tested using the hanging drop method, and the Spot Test flagella stain (BD Difco) was used for flagellum staining. Colony morphology was observed on R2A agar using a stereoscopic microscope (SMZ 800; Nikon).
The pH range for growth was determined by measuring the optical densities (at wavelength 600 nm) of R2A broth cultures. The pH was adjusted, prior to sterilization, to pH 4-9 (at intervals of 1.0 pH unit) using appropriate biological buffers [17] T and SKY-11 were examined for a broad range of phenotypic properties. Activities of catalase, oxidase, DNase, urease and lipase (corn oil), and hydrolysis of starch, casein, gelatin and Tweens 20, 40, 60 and 80 were determined using standard methods [18] . Chitin hydrolysis activity was determined using chitinase-detection agar plates (CDA plate). Chitin hydrolysis was visualized by the formation of a clear zone around colonies on CDA plates. CDA-plates were prepared as described earlier by Wen et al. [19] . Hydrolysis of carboxymethylcellulose (CM-cellulose) was tested by the method described by Bowman [20] using R2A agar as the basal medium. Additional biochemical tests were performed using API ZYM, API 20NE and API 50CH kits (all from bioM erieux) and carbon source utilization was evaluated using GN2 microplates (Biolog). All commercial phenotypic tests were performed according to the manufacturers' recommendations.
Sensitivity of strains MI-28
T and SKY-11 to antibiotics was tested by the disc diffusion method after spreading cell suspensions (0. C. The diameter of antibiotic discs was 8 mm. The strain was considered susceptible when the diameter of the inhibition zone was >12 mm, intermediate at 10-12 mm and resistant at <10 mm, as described by Nokhal and Schlegel [21] . Detailed results of physiological, biochemical and morphological characterizations of strains MI-28 T and SKY-11 are provided in the genus and species descriptions and in Table 1 .
To analyze whole-cell fatty acid compositions, strains MI-28 T and SKY-11 were grown on R2A agar at 25 C for 2 days. Fatty acid methyl esters were prepared and separated according to the standard protocol of MIDI (Sherlock Microbial Identification System, version 6.0), analyzed by GC (Hewlett-Packard 5890 Series II) and identified by using the RTSBA6.00 database of the microbial identification system [22] . The cellular fatty acids detected in strains MI-28 T and SKY-11 were predominantly saturated branched iso-C 14 : 0 (36.9-37.9 %), anteiso-C 15 : 0 (25.9-27.7 %) and iso-C 16 : 0 (10.1-12.6 %); the straight chain fatty acids, C 14 : 0 and C 16 : 0 , were found in relatively low amounts, and only traces of unsaturated fatty acids were detected ( Preparation of ]cell walls was made by a modified method of Schleifer and Kandler [23] . The amino acids and peptides in cell wall hydrolysates were analyzed by TLC using previously described systems by Schleifer and Kandler [23] and Schleifer [24] . Cell-wall analysis (total hydrolysate, 16 h) showed that the peptidoglycan of strain MI-28 Okibacterium fritillariae VKM Ac-2059 T (AB042094)
Microbacterium lacticum DSM 20427 T (X77441)
Rudaibacter terrae 5GHs34-4 T (JQ639054)
Leifsonia aquatica ATCC 14665 T (KI271991)
Homoserinibacter gongjuensis 5GH26-15
Homoserinimonas aerilata 5317J-19 T (JQ639053)
Conyzicola lurida HWE2-01 T (JQ723714)
Salinibacterium amurskyense KMM 3673 T (AF539697)
Rhodoglobus vestalii LV3 T (AJ459101)

Chryseoglobus frigidaquae CW1 T (EF373534)
Yonghaparkia alkaliphila KSL-113 T (DQ256087)
Microcella putealis CV2 T (AJ717388)
Compostimonas suwonensis SMC46 T (JN000316)
Clavibacter michiganensis michiganensis DSM 46364 T (X77435)
Mycetocola saprophilus CM-01 T (AB012647)
Frigoribacterium faeni 801 T (Y18807)
Frondihabitans australicus E1HC-02 T (DQ525859)
Glaciihabitans tibetensis MP203 T (KC256953)
Alpinimonas psychrophila Cr8-25 T (GU784868)
Aurantimicrobium minutum KNC T (AB540017)
Klugiella xanthotipulae 44C3 T (AY372075)
Pontimonas salivibrio CL-TW6 T (JQ639087)
Rhodoluna lacicola MWH- Ta8 T gen. nov., sp. nov., and type strains of genera in the family Microbacteriaceae of the class Actinobacteria. Numbers at nodes are bootstrap percentages >70 % based on the neighbour-joining (above nodes) and maximum-parsimony (below nodes) tree-making algorithms. Filled circles indicate branches of the tree that were also recovered using the maximum-likelihood and maximum-parsimony treemaking algorithms. Open circles indicate that the corresponding nodes were also recovered in the tree generated with the maximumparsimony algorithm. Brevibacterium linens DSM 20425
T was used as an out-group. Bar, 0.01 substitutions per nucleotide position. [26] . Molybdophosphoric acid was used for the detection of the total polar lipids, ninhydrin for amino lipids, Zinzadze reagent for phospholipids, Dragendorff reagent for choline-containing lipids and a-naphthol reagent for glycolipids. Strain MI-28
T exhibited a complex polar lipid profile consisting of phosphatidylglycerol (PG), diphosphatidylglycerol (DPG), an uncharacterized glycolipid (GL), an uncharacterized aminophospholipid (APL), two uncharacterized phospholipids (PL1 and PL2), two uncharacterized aminolipids (AL1 and AL2) and two uncharacterized lipids (L1 and L2) (Fig. S1 ).
Polyamines were extracted from strain MI-28 T , and analyses were carried out as described by Busse and Auling [27] , and Busse et al. [28] . Cells were cultivated in R2-PYE medium (l À1 : 0.75 g peptone from casein, 0.75 g yeast extract, 0.3 g K 2 HPO 4 , 0.024 g MgSO 4 , pH 7.2; [29] ) at 30 C for 3 days, homogenized in 0.2 M perchloric acid (HClO 4 ) and centrifuged. Polyamines in the resultant supernatant were treated with dansyl chloride solution (7.5 µg ml À1 in acetone), and analyzed by HPLC on a D-7000 high-speed liquid chromatograph (Hitachi) and UV-VIS detector L-7420 (Hitachi). Strain MI-28 T contained putrescine (PUT) as the major polyamine.
Strain MI-28
T was grown on R2A broth with aeration at 25 C for 2 days, and isoprenoid quinones were extracted and purified according to the method of Collins [30] and were analyzed by HPLC with a Spherisorb ODS column using methanol/1-chlorobutane (100 : 10, v/v) as the mobile phase (1.5 ml min
À1
). Strain MI-28 T had MK-10 (96.5 %) as the major respiratory quinone and MK-9 (3.5 %) as the minor quinone.
Genomic DNA was isolated using a bacterial genomic kit (DP02-150, GeneMark Technology) and the DNA G+C contents of strains MI-28 T and SKY-11 were determined by HPLC, according to Mesbah et al. [31] , and found to be 62.6±1.0 mol% and 62.9±1.0 mol%, respectively.
Whole-genome DNA-DNA hybridization experiments were carried out by the method of Ezaki et al. [32] . The values of DNA-DNA relatedness were calculated from triplicate experiments. DNA-DNA relatedness values between strains MI-28
T and SKY-11 were 93-95 %, indicating that they are members of the same genomic species [33] .
Several chemotaxonomic and physiological properties (colony pigmentation, a curved rod shape, absence of cellular motility, optimal growth at 20-30 C and at pH 7.0-9.0, oxidase-and catalase-positivity, the cell-wall diamino acid and muramic acid acyl type, the major respiratory quinones, the distinctive major fatty acids and the DNA G+C content) distinguish strain T from all members of phylogenetically related genera in the family Microbacteriaceae, such as Rhodoluna [34] , Pontimonas [35] , Alpinimonas [36] , Klugiella [37] , Diaminobutyricimonas [38] , Yonghaparkia [39] , Microcella [40, 41] , Frigoribacterium [42] [43] [44] and Aurantimicrobium [45] (Table 1) .
Furthermore, strain MI-28
T could be differentiated from its closest phylogenetic neighbours K. xanthotipulae 44C3 T , M. putealis CV-2 T , Microcella alkaliphila AC4r T and Aurantimicrobium minutum KNC T by the occurrence of DAB as a diamino acid of the cell-wall peptidoglycan. The presence of MK-10 as a major component of the menaquinone profile for strain T could distinguish this novel strain from R. lacicola MWH-Ta8 T , D. aerilata 6408 J-67 T and Y. alkaliphila KSL-113
T . In addition, the relatively high proportions (more than 96 %) of MK-10 in strain MI-28
T may help to separate it from representatives of the genera Pontimonas, Alpinimonas and Frigoribacterium , which share MK-10 as a major menaquinone with strain MI-28 T .
It is now generally accepted that 16S rRNA gene sequence similarities between two bacteria of less than 95 % are an indication of affiliation to different genera [46] . Strains MI-28 T and SKY-11 most likely represent a species of a novel genus, due to 16S rRNA gene sequence similarities to their closest relatives with validly published names (F. mesophilum MSL-08 T , D. aerilata 6408 J-67 T , Y. alkaliphila KSL-113 T and R. lacicola MWH-Ta8 T ) being 94.4-94.5 %. Moreover, strains MI-28 T and SKY-11 can be readily distinguished from these closest phylogenetic neighbours due to their fatty acid compositions and physiological and (28) 10-40 (30) 10-37 (30) 15-40 (35) 2-45 (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) 15-37 (20) (21) (22) (23) (24) (25) pH range for growth (optimum) 6-9 (7-9) ND 7-9 (8) 7
6-11 (8) 6-9 (7) 7.5-10 (9) 7.5-10 (8.5-9.5) 5-12 (7.3-8)
7-9
NaCl range for growth (% w/v) ( DESCRIPTION OF PUZIHELLA GEN. NOV.
Puzihella (Pu.zih.el¢la. N.L. fem. dim. n. Puzihella, named after the River Puzih in Chiayi County, Taiwan, the river where the type strain of the type species was isolated).
Cells are Gram-stain-positive, curved rod-shaped, nonmotile, non-spore-forming and aerobic. Oxidase-and catalase-positive. The cell-wall peptidoglycan contains 2,4-diaminobutyric acid, alanine, glycine and glutamic acid. The predominant quinone is MK-10. The predominant fatty acids are iso-C 14 : 0 , anteiso-C 15 : 0 and iso-C 16 : 0 . The major polar lipids are phosphatidylglycerol, diphosphatidylglycerol, an uncharacterized glycolipid and an uncharacterized aminophospholipid. The major polyamine is putrescine. The type species is Puzihella rosea. C), at pH 6.0-9.0 (optimum, pH 7.0-9.0) and with 0-1.0 % NaCl (w/v, optimum, 0 %). Positive for starch hydrolysis. Negative for hydrolysis of chitin, casein, corn oil, DNA, CM-cellulose, Tweens 20, 40, 60 and 80. In API 20NE tests, gelatin hydrolysis is variable (the type strain is positive). A negative reaction was observed for nitrate reduction, indole production, glucose fermentation, aesculin hydrolysis, arginine dihydrolase, urease and b-galactosidase activities and the assimilation of glucose, arabinose, mannose, mannitol, N-acetyl-glucosamine, maltose, gluconate, caprate, adipate, malate, citrate and phenyl-acetate. In the API ZYM kit, positive reactions are observed for C4 esterase, C8 esterase lipase, leucine arylamidase, valine arylamidase, cystine arylamidase, acid phosphatase, naphthol-AS-BI-phosphohydrolase, a-galactosidase and a-glucosidase activities, and a negative reaction for alkaline phosphatase, C14 lipase, trypsin, a-chymotrypsin, b-galactosidase, b-glucuronidase, b-glucosidase, N-acetyl-b-glucosaminidase, a-mannosidase and a-fucosidase activities. In the API 50CH test system, acids are produced from D-glucose, D-fructose, inositol, maltose, sucrose, trehalose, melezitose, raffinose, starch, turanose and 5-ketogluconate, but acid production from D- T =KCTC 29239 T ) was isolated from a freshwater sample collected from the River Puzih, in the vicinity of Chiayi County, Taiwan. The DNA G+C content of the type strain is 62.6 mol%.
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